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Abstract: 


The correlation coefficient among the two parameters plays a significant part in statistics. Further, 
the exactness in the assessment of correlation depends upon information from the set of discourse. 
The data collected for various statistical studies is full of ambiguities. In this paper, we discuss some 
basic concepts which are helpful to build the structure of present research such as soft set, hypersoft 
set, and neutrosophic hypersoft set (NHSS). The neutrosophic hypersoft set is an extension of the 
neutrosophic soft set. In it, we establish the idea of correlation and weighted correlation coefficients 
with some desirable properties under NHSS. We also, propose a new decision-making technique 
and construct an algorithm based on developed correlation measures. Furthermore, To ensure the 
applicability of the proposed methods an illustrative example is given. 
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1. Introduction 


Ambiguity plays a dynamic role in many areas of life (such as modeling, medicine, engineering, 
etc.). However, people have raised a common question, that is, how do we express and use the 
concept of uncertainty in mathematical modeling. Many researchers in the world have proposed and 
recommended different methods of using uncertainty theory. First of all, Zadeh developed the 
concept of a fuzzy set (FS) [1] to solve problems that contain uncertainty and ambiguity. In some 
cases, we must carefully consider membership as a non-membership value to correctly represent 
objects that FS cannot handle. To overcome these difficulties, Atanasov proposed the idea of 
intuitionistic fuzzy sets (IFS) [2]. Atanassov's intuitionistic fuzzy sets only deal with insufficient data 
due to membership and non-membership values, but IFS cannot deal with incompatible and 
imprecise information. Molodtsov [3] proposed a general mathematical tool to deal with uncertain, 
ambiguous, and uncertain matters, called soft set (SS). Maji et al. [4] extended the concept of SS and 
developed some operations with properties and used the established concepts for decision-making 
[5]. By combining the FS and SS Maji et al. [6] established the fuzzy soft set (FSS) and intuitionistic 
fuzzy soft set (IFSS) and studied their operations and properties [7]. Zulqarnain et al. [8] established 
the correlation coefficient for interval-valued intuitionistic fuzzy soft set and developed the TOPSIS 
approach based on their presented correlation measures. Zulqarnain et al. [9, 10] discussed the 
Pythagorean fuzzy soft sets (PFSS) and established the aggregation operator and TOPSIS technique 
to solve the MCDM problem. 
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Maji [11] offered the idea of a neutrosophic soft set (NSS) with necessary operations and 
properties. The idea of the possibility NSS was developed by Karaaslan [12] and introduced a 
possibility of neutrosophic soft decision-making method to solve those problems which contain 
uncertainty based on And-product. Broumi [13] developed the generalized NSS with some 
operations and properties and used the proposed concept for decision making. To solve MCDM 
problems with PFSS, Zulqarnain et al. [14] presented the interaction aggregation operators for PFSS. 
Based on the correlation of IFS, the term CC of SVNSs [15] was introduced. In [16] the idea of 
simplified NSs introduced with some operational laws and aggregation operators such as weighted 
arithmetic and weighted geometric average operators. They constructed an MCDM method on the 
base of proposed aggregation operators. Masooma et al. [17] progressed a new concept through 
combining the multipolar fuzzy set and neutrosophic set which is known as the multipolar 
neutrosophic set, they also established various characterization and operations with examples. 
Zulgarnain et al. [18, 19] utilized the neutrosophic TOPSIS model to solve the MCDM problem and 
for the selection of suppliers in the production industry. 


Correlation performs a significant part in statistics as well as engineering. By way of correlation 
analysis, the mixture of two variables can be utilized to compute the mutuality of the two variables. 
Although probabilistic methods have been applied to various practical engineering problems, there 
are still some obstacles to probabilistic strategies. For example, the probability of this process depends 
on the large amount of data collected, which is random. However, large complex systems have many 
fuzzy uncertainties, so it is difficult to obtain accurate probability events. Therefore, due to limited 
quantitative information, results based on probability theory do not always provide useful 
information for experts. In addition, in actual applications, sometimes there is not enough data to 
correctly process standard statistical data. Due to the aforementioned obstacles, results based on 
probability theory are not always available to experts. Therefore, probabilistic methods are usually 
insufficient to resolve such inherent uncertainties in the data. Many researchers in the world have 
proposed and proposed different methods to solve problems that contain uncertainty. To measure 
the relationship between fuzzy numbers, Yu [20] established the CC of fuzzy numbers. 


Recently, Smarandache [21] extended the concept of the SS to hypersoft set (HSS) by replacing 
the single-parameter function F with a multi-parameter (sub-attribute) function defined on Cartesian 
products of n different attributes. The established HSS is more flexible than SS and is more suitable 
for the decision-making environment. He also introduced the further extension of HSS, such as crisp 
HSS, fuzzy HSS, intuitionistic fuzzy HSS, neutrosophic HSS, and plithogenic HSS. Nowadays, HSS 
theory and its extensions are developing rapidly. Many researchers have developed different 
operators and properties based on HSS and its extensions [22-36]. Abdel-Basset [37] uses a plithogenic 
set theory to resolve uncertain information and evaluate the financial performance of manufacturing. 
Then, they use VIKOR and TOPSIS methods to find the weight vector of financial ratios using the 
AHP method to achieve this goal. Abdel-basset et al. [38] recommended an efficient combination of 
plithogenic aggregation operations as well as quality feature deployment strategies. The advantage 
of this combination is that it can improve accuracy as well as assess the decision-makers. 


The following research is organized as follows: In Section 2, we review some basic definitions 
used in the following sequels, such as SS, NSS, and NHSS, etc. In Section 3, the idea of CC and WCC 
is developed with some necessary properties. An algorithm and decision-making method will be 
developed in section 4. We also used the developed approach to solve decision making problems in 
an uncertain environment. Finally, the conclusion is made in section 5. 


2. Preliminaries 
In this section, we recollect some basic definitions which are helpful to build the structure of the 


following manuscript such as soft set, hypersoft set, and neutrosophic hypersoft set. 
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Definition 2.1 [3] 
Let U be the universal set and € be the set of attributes concerning U. Let P(U) be the power set 
of U and AEG E.A pair (F, A) is called a soft set over U and its mapping is given as 
F:A > P(U) 

It is also defined as: 

(F,A) = {F(e) € P(U):e € E,F(e) = Gif e EA} 
Definition 2.2 [21] 
Let U be a universe of discourse and P(U) be a power set of U and k ={ky, kz, kz,..., Kn}(n 21) be 
a set of attributes and set kK; a set of corresponding sub-attributes of k; respectively with K; N K; = 
@ for n > 1 for each i, j € {1,2,3 ... n} and i # j. Assume K, x Ky x K3x ... x Ky = A = 
{Qin X Aox X ++ X Any} be a collection of multi-attributes, where] < h < a,1<k < B,and1<l< 
y,and a, B,and y € N. Then the pair (F, K, x K x K3x...x K, = A)is said to be HSS over U and 
its mapping is defined as 
F: K, x Ky x K3x...* Ky, =& > P(U). 
It is also defined as 
(F, A)= (a, Fy(@: ad €A, F(a) € PCU)} 
Definition 2.3 [21] 
Let U be a universe of discourse and P(U) be a power set of U and k ={ky, kz, kz,..., kn}, 2 1) be 
a set of attributes and set kK; a set of corresponding sub-attributes of k; respectively with K; N K; = 
@ for n = 1 for each i, j € {1,2,3 ... n} and i # j. Assume K, x Ky x K3x ... x Ky, = A = 
{ayn X Agx X ++ X Ay} be a collection of sub-attributes, wherel <hsa,1<sk<fB,and1l sls 
y, and a, B, and y € Nand NS“ be a collection of all neutrosophic subsets over U. Then the pair 
(F, K, x Kz x K3x... x Kj, = A) is said to be NHSS over U and its mapping is defined as 
F: K, x Ky x K3x...* K, = A > NS™. 
It is also defined as 
(F, A) = {(@ Fa(@)):& EA, Fx) € NS“}, where Fx(d) = {(5, o¢ a (), Te(@y (5), Yea (6)): 6 € U}, 
where 0 (a)(6), Tra)(5), and Yr(q)(6) represent the truth, indeterminacy, and falsity grades of the 
attributes such as o¢(q)(6), Tr(a) (O), Yray(5) € [0,1], and 0 < oF(q)(6) + Tea (6) + Vem (6) S 3. 
Simply a neutrosophic hypersoft number (NHSN) can be expressed as F = 


{ (Ge(ay(0), teca (8), ¥rca)(5))}, where 0 < ap(ay(8) + tr~@(5) + Yr (5) S 3. 


Example 2.4 
Consider the universe of discourse U = {6,,6,} and & = {#, = Teaching methdology,?, = 
Subjects,£3 = Classes} be a collection of attributes with following their corresponding attribute 
values are given as teaching methodology = L, = {a,, = project base,a,, = class discussion}, 
Subjects = Lz = {a,, = Mathematics,a,, = Computer Science, az3 = Statistics}, and Classes= L3 = 
{a3, = Masters,a3, = Doctorol}. Let A = L, x L, x L; bea set of attributes 
A= L, x Ly x Ly = {1,12} X {421,422,423} X {A31, 432} 
_ ses p41, 431), (Ay1, 21,432), (Q11,A22, 31), (11, A22, 432), (G11, A23, 431), (G1, A23, Bed 

(G42, 424,31), (Ay2, 21,32), (12, A22, 31), (12, A221 A32), (A12, 23 431), (A142, A23, 432), 
A = {ai, a, ds, dy, ds, ae, a7, dg, do, 0, a1, dy} 
Then the NHSS over U is given as follows 
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(F,A) = 
(G1, (64, (.6,.3,.8)), (62, (.9,.3,.5))), (Gz, (61, (.5,.2,.7)), (82, (.7,-1,.5))), (Gs, (61, (.5,.2,.8)), (62, (.4,.3,.4))), | 
(ts, (61, (.2,.5,.6)), (52, (.5,.1,.6))), (@s, (51, (8,-4,.3)), (52, (2,-3,.5))), (tio, (51, (.9,-6,-4)), (82, (.7,.6,-8))), 


(G7, (4, (.6..5,.3)), (62, (.4,.2,.8))), (Gg, (64, (.8,.2,.5)), (5p, (.6,.8,.4))), (Go, (64, (.7,.4,-9)), (52, (.7..3,.5))), | 
(G10, (54, (.8,.4,.6)), (82, (.7,-2,.9))), (Grr, (1, (.8,-4,.5)), (52, (.4,.2,.5))), (Gis, (61, (.7,.5,-8)), (52, (.7,.5,.9))) 


3. Correlation Coefficient for Neutrosophic Hypersoft Set 


In this section, the concept of correlation coefficient and weighted correlation coefficient on 
NHSS has been proposed with some basic properties. 
Definition 3.1 


Let (F,A) = {(5:, oc (51), Te (ay) (51), Ya (5:)) | 5; € u} and (G,M\) = 
{(5, 0G (ix) (51), TG (a,) (61), Voce, (5,)) | 6; € u} be two NHSSs defined over a universe of discourse 


U. Then, the informational neutrosophic energies of (F,A) and (G,A) can be described as follows: 


Swuss(F,A) = Dea Dini ((crca(60), + (cxay(6)) + (veca,)(60) ) (1) 
2 2 2 

Swuss(GM\) = Yikes Diet (sca (6,)) + (toca) (:)) + (Y6c,)(5)) i 

(2) 

Definition 3.2 


Let (FA) = {(6,,07¢a)(60, trey (6.¥r1a)(6D) | 6: € UW} and (GA) = 
{(5, IG (az) (51), TG (a) (i), Vga, (5,)) | 6; € u} be two NHSSs defined over a universe of discourse 
U. Then, the correlation measure between (F,A) and (G,M) can be described as follows: 
Cyuss((F,A), (G,A)) = 
Dies Lit (or ca) (6) * Fc) (5i) + TH ~Hy (Bi) * Toc) (S) + Yc) (6D * Yocay) (6): 
(3) 
Proposition 3.3 
aC ta {( 5: O(a (51), Trcay) (81), Yercay) (51)) | 6, € u} and (G,/) = 
Gace (51), TG) (Gi), VGH) (5,)) | 6; € u} be two NHSSs and Cyyss((FA),(G.A)) bea 
correlation between them, then the following properties hold. 
1. Cyuss((F.A), (G,)) a Cwuss(FA) 


2. Cynss((FA), (GM) = Suuss(GA) 
Proof: The proof is trivial. 


Definition 3.4 

Let (F,A) = {(5:, oF cay) (51), Tr (ay) (51), Yap (5:)) | 5; € u} and (G,M\) = 

{(5., 0G (ax) (51), TG (a) (61), Voce, (5,)) | 6; € u} be two NHSSs, then correlation coefficient between 
them given as Oyyss((F,A),(G,A)) and expressed as follows: 


os weyy Cnuss((F,A),G,A)) 
Owuss(CFA), GA)) VSnuss(FA)* VSnussGA) @ 


Swass((F.A), (GA) = 


Uke Ba om(a,) (5)*0 (4, ) (60+ Te(a,) OD*TG(a,) OD +1 F(a) (+ 6(a,)°0) 


ar.izta( (cot) +(escax®) +( rsx) | 2r.s3t.( (cea) +(coty9) )+( roca) 
Proposition 3.5 

Len A)= {( 5: 05 (a) (51), Trcayy (81), Yecay) (5:)) | 6, € u} and (G,/\) = 

{(5, 9G (a,) (Oi), Toa, (Oi) Vora) (5,)) | 6; € u} be two NHSSs, then CC between them satisfies the 


following properties 


3 (5) 
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1. 0S dyuss(FA), GA) < 1 
- Ovuss((FA), GA)) = Snuss(GM), (FA) 
3. If (FA) = (G,A), thatis V i, k, OF (az) (5) _ 0G(a,) Oi), Tr(a) (6) _ TG (a,) (6:1), and 


Yr (ax) (61) = Yea, (6;) then Syuss((F,A),(GM)) =1. 
Proof 1. Oyuss((F.A), (G,A)) = 0 is trivial, here we only need to prove that Oyyss((F.A), (G,A)) < 
From equation 3, we have 
Onnss((F.A), (G,M)) = Yea Diy (orca) (Si) * 06 (a,)(6) + Tea, COd * Tea, (6) + Vea, (6) * 
YG (cx) (5,)) 
= Dia (Gray (51) * o6¢a) (51) + Tray) (1) * Toca, (Ss) + Yr cHy) (5x) * Yocayp (51)) 
Deed (orca) (62) * 06 (a) (62) + Tr(a, (52) * TE (a, (62) + Yea, (62) * Vgcar)(52)) 
+ 
+ 


A (On) * OG(ca,)(On) + THe) (On) * T6(e,)COn) + YEG) (On) * LD) 


aM 


Onuss((F, A). , e 
(orca,y(51) * 0¢(a,)(61) + Tr(a.) (61) * Tea) (1) + VF(a,) (1) * Vgtas)(61)) | 


OF(a>)(61) * OG(a,) (51) + ee) * g(a) (01) + ¥F(a2) (G1) * Vqtaz)(61)) 


1) on (81) * 06 (zim) (61) + TEC) (5) * TG (tim) (01) + VF (eign) (51) * VGC) (O1)) 
| OF(a>) (G2) * OG(a,)(62) + Tra,)(S2) * es + YF (a) (52) * Vq(at,)(82)) + 


Ox(a,) (G2) * 6G(a,)(62) + Tra,) (G2) * Tea, (62) + Yr(a,) (62) * Vqta)(82)) + | 


(orca) (82) * OG (dm) (52) + TE mn) (6,) * TG (tim) (02) + VF (ei) (2) * VG(dim)(52)) 
+ 
+ 
(5 (a,) (Sn) * 96¢4,)(Sn) + TC) (On) * ToCa,)(Su) + VC) (Sn) * ¥G(2,) (nd) + 
(G(a,) (Sn) * 96(4,)(Sn) + THC) (On) * tan) + ¥5(a)(n) * V(t) (On)) + 


(orca) (On) * 06 (aim) On) + TH em) On : * TG (tim) (On) + VF (eimm) (On) * VG (em) (On ) 
= Dia (Coe cay x) * 9609 (51d) + (oe (ayy (82) * OG¢a)(52)) + + (Orca (Sn) * 95044) (Sn))) + 
dk=1 (Geen (5,) * Te(ay) (51) a (tra) (52) * Ta) (52) fet (tra) (Sy) * T¢(y)(On))) + 
DEL ( (veces) * ¥ocay (Ord) + (Ye ayy G2) * Voce (Sa)) + + (Yea On) * Yocay Sn) 
By using Cauchy-Schwarz inequality 
Onuss((FA), GA)” = F F ; F ; 
((cxvayy(61)) i (orca) (5:)) an (orca) (5,)) ) ey (ce (a,)(51)) 7 (t<a)(62)) tere (tay) (On)) ) 


2 + (rant) + + (recay(62)) +o" + (Ye) q 
7 y ((cocay(6.)). + (oscayy(52)) seer (o6¢a,)(On)) ")+ (( T6(a4)(51)) y+ (coeay@d) tet (aca.)(5n)) ) 
k=l + (vec (6,)) + (vecay(52)) tet (Voce (6,)) ) 


Onuss((F,A), (G,A))? < 
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y S (( (( or(ay(5)) ) + (zea) + (yeca(60) ) 


k=1i=1 


= 


m n 


om») Z (( OG (cx) (6) + (tea, (6) + (vsca»(60) } 


k 
Ovuss((F,A), (G,))* S Swuss(F.A) X Suit: i). 
Therefore, Syuss((F.A), (G.A))* < Suuss(F.A) X Snuss(G.A). Hence, by using definition 3.4, we have 


Onuss((F,A), (G,M)) < 1.S0,0 < Oyuss((F,A), (GA)) < 1. 
Proof 2. The proof is obvious. 
Proof 3. From equation 5, we have 


Onuss((F.A), (GM)) = 
Wis Ba (ay) "g(a (80 Fay) BOF) OO*Y (a) OD°7G(44) ®D) 


2ti.2t( (ove?) +(e?) *(ro093?) ) ereszta((sctay’) +(e) }¥(recy) 


As we know that 
OF (G,) (51) = O60, (61), TFa,) (6) = Tea) (5), and YVF(a,) (51) = Vga, (6) V i, k. We get 


Onuss((FA), (G.M)) = : : 
Bes B((orca~)*0) +(er(a(60) +(rm(a)d) ) 


Onuss((F.A), (G,A)) =1 


Thus, prove the required result. 
Definition 3.6 


Pens) = {( 5: O(a) (51), Trcay) (81), Yercay) (51)) | 5, € u} and (G,) = 
{(5 9609 (51), Ta) 51), Vax) (5,)) |o, u} be two NHSSs. Then, their correlation coefficient is 
given as Oyyss((F,A),(G,A)) and defined as follows: 


1 oe wey Cnuss(F.A),G,A)) 
Onuss((FA), GM)) = max{Snuss(F.A),SNHssGA)} (6) 


Owuss((FA), (G.A)) = 
Wis Ba (a4) (80"e6 ay) O04 Fay) OD*T5 (a4 80* ¥(a4)(®0*Y (a4) 0) 


mar xa (rte 60) +(eH(ay (0) +re(aq)0) ) Rea BBA ( (Coca) 69) +(secay 0) + rec) ®))) 
Proposition 3.7 
Let (FA) = {(6,, 07049 (6:),t cay) 60, ¥rayy(6d) | 6: € U} and GA) = 
{( OG (a) Si)» TG (a) Oi)» VGCa.) (5,)) | 5; € u} be two NHSSs. Then, CC between them satisfies the 
following properties 

1. 0 S Syuss(FA),(GA)) < 1 


2. Snuss((FA), (G.A)) = Ovuss((FA), GA) 
3. If (F,A) = (G,M), thatis V i, k, oF(a,)(6i) = OG(a,) (61), Tra) (6) = To(a,) (6;), and 
Yr ix) (Oi) = Veca,) (6), then Shuss((F.A), (GA)) = 1. 
Proof 1. Siyss((F,A), (G,A)) = Ois trivial, here we only need to prove that Onyss((F,A), (G,A)) < 1. 
From equation 3, we have 
Onnss(CFA), (GM) = Ditka Dy (orca) (i) * OG (cig) (Oi) + TH Cay) (i) * TG cei) (Oi) + YEAR) (Gi) * 


YG(aix) (5,)) 


2 


(7) 


= Dia (Gray (51) * 06¢a) (51) + TH¢ayy (1) * Tec, (Sx) + Yea) (5x) * Yecay) (51) 


4 Det (orca) (62) * 06 (a) (62) + Te(a,)(52) * TE (a, (62) + Yrca,) (62) * Vecar)(5a)) 
+ 
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+ 
(rca (On) * 6(a,)(On) + Tray) (On) * Te (a) (On) + YFG) (On) * V@ca) (Sn)) 


Stuss((FA), Gui) 
(or ca,y(51) * g(a, (1) + Tr(a.) (51) * Ta) (Sx) + Yea, (Br) * Voce) (1)) | 


51M: 


(o¢a,)(51) * O(c) (1) + Te (ay) (51) * Ta.) (51) + Yea) (51) * Voce) (O1)) 
(5p) (81) * 05) (81) + TH Cehyp) (51) * TG) Ox) + 15 Chg) (51) * VG Cc) (51)) 
(ora) (52) * 06(4,)(62) + Tr(a, (62) * T6(a,) (G2) + Vea) (2) * Ve(ats)(62)) + | 


Fi (ora, (52) * 0¢(4,) (62) + Tr(a) (62) * TE (a) (2) + Vea) (62) * Vgtit,)(62)) + 


( (a) (82) * Om) 52) + TH Cyy) (2) * Ty cp) (52) + VF tm) 52) * VG (cn) (52)) 
+ 
+ 
(Gr(a,) (Sn) * 06(4,)(On) + Tra,)COn) * TG (a1) (On) + ¥F(a,) (On) * Veta) (On)) + 
(ora) (Sn) * O(a) (On) + Tr(a,)(On) * TG (a) (On) + VF(a2)(6n) * Veta) (On)) + 


(orca) (On) * OG (tim) On) + TH em) On) * TG (aim) (On) + VF (ein) (On) * VG (cian) (5,)) 
= Vke1 ((crap (51) * Ga, (5;)) + (ora) (52) * OG (tty) (5,)) tet (cra) (Sn) * 06 (a,)(On) ) + 
Ded (Gos (6;) * T@¢ay) (51) + (ta) (52) * Te (a,) (5,)) tet (tra) (6;,) * T@(ay)(On))) + 
Dia ( (Ye cay Sx) * ¥gcayy (Ord) + (Ye ayy G2) * Voce) (S2)) + + (Yea On) * Yocay n))) 


By using Cauchy-Schwarz inequality 
Ownss((F.A), GA)) S 


", (((arca(s)) + (area (S2)) ++ (orca Gnd) ) + (tod) + (trea (2d) ++ (tend) } 
2 + ((rrant60) + (yrap(62)) ++ (Ye(6)) i 

(coca). ap (.a49(82)), ++ (95a4)(6n)) ")+ (( reca,)(6)) ) + (tocax)(52)) cae (caca.)(5n)) ) 
aa +((recauy(5s)) + (rocayy(52)) ++ (Vereen) ) 


Onuss((F.A), (G,M))* < oe 
> » (crea (6d) + (cra(6d) + (veca.(6)) ) 


a > (Cz (6) + (toca (6) - (vsca»(60) ) 


k=1 i=1 

Onuss((F,A), (G,M))? < Swuss(F.A) X Sreuss(GA). 
Therefore, Snuss((F,A), (G.A))? S Snuss(F.A) X Snuss(G,A). Hence, by using definition 3.6, we have 
Onuss((F,A), (G,M)) < 1.S0,0 < Owuss((F,A), (GA)) < 1. 
Proof 2. The proof is obvious. 
Proof 3. From equation 7, we have 
Onuss((F,A), (G,A)) = 

ket Lie (or (a,)(5:) * OG(a,) (61) + Tea, (On) * Toca, (61) + Yea, COD * ¥6¢ay) (51)) 


max {S452 (array (6d) + (ereay(6d) + (vray (6D) ) ERE (ace) + (toca) + (vee6D) )} 
As we know that 
OF) (51) = OG(a,) (6D, Tra) (6) = Tea) (5), and ¥r(a,) (61) = VG(a,) (6) V i, k. We get 
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Shuss(FA), GA) = 
SETEs (sre) + (teea(6d) + (read) ) 


max aes xie1 ((crc(6), + (crap (6)) + (vecaa(6D) ) ym Yn, (orca (6 ))’ A (crp(60) i: (ray(60))} 
Onuss((FA), (GA)) = 1 

Thus, prove the required result. 

Definition 3.8 


Bee) = {( 5: O(a (51), Trcay) (81), Yeap) (51)) | 5, € u} and (G,) = 
{(5- 9609 (51), Toca), Vox) (5,)) | 6, € u} be two NHSSs. Then, their weighted correlation 
coefficient is given as Swwyss((F,A), (G,A)) and defined as follows: 


see se Cwnuss((FA),(G.A)) 
6; FA) (GA) = SS 8 
wuss (( ) (GA) VSwnuss(GA)* /SwnussGa) 8) 


Owwuss((F.A), (GM)) = 
Dee1 O(a vi( (a) ED*26(4,)(50# T(E) O*TG(a,) 60+ Ve(a,) OD*1G(a,) (60)) 


be, ony re (xe 60) (say ) +(rs¢a,)®0) )) is on By ve (-ctae) 2) +(seeay6®) +(recay 0) )) 


2 


(9) 
Definition 3.9 
Let (FA) 7 {(5, OF (G,) (Oi), TH(a,) Gi), Vr ax) (5i)) ope u} and (G,M) = 


{( 51, oca4) (51), Toa) (51), Voce, (5:)) | 6; € u} be two NHSSs. Then, their weighted correlation 
coefficient is given as Siynuss((F.A), (G,A)) and defined as follows: 


1 os weyy Cwnuss(FA),G,A)) 
Swnuss((FA), (GM) max{Swnuss(F.A),SwnussGA)} (10) 


Ownuss((F,A), (G.A)) = 
Dke1 4B vil (a) 60*26(44 (50 Tea, )Oi*To(a,)O0+ Y(t) 60*Y6(a,)(6D)) 


mar OK (si ve (erca9 60) +(er(a) 69) (re, 0) ) Ry w(t, OK es vi (esta 60) (toca) 60) +(ro(ay) eo) ))} 


(11) 


If we consider 2 = oor peer =} and y = b> = yeees =}, then Ownuss((F,A),(G,M)) and 
Ownuss((F,A), (G,A)) are reduced to Syyss((F.A), (G,A)) and Siss((F,A), (G,A)) respectively. 
Proposition 3.10 
Let (F,A) = {(5:, oF ay) (51), Tr (ay) (51), Ya) (5:)) | 5; € u} and (G,M\) = 
{( 51, oct, (51), Toca (5:), Vata) (80)) | 6, € u} be two NHSSs. Then, CC between them satisfies the 
following properties 

1. OS dwwuss((FA),(GA)) < 1 

2. Swwuss((FA), (GA) = Swnuss((G,A), (F,A)) 

3. If (F,A) = (G,A), thatis V i, k, of a,)(6i) = 96a) Oi, Tra, GO) = Tea, (Gi), and 

Ve(a) (Oi) = Voca,)(6i) then dwwass((FA), (GA)) = 1. 

Proof Similar to proposition 3.5. 


4, Application of Correlation Coefficient for Decision Making Under NHSS Environment 

In this section, we proposed the algorithm based on CC under NHSS and utilize the proposed 
approach for decision making in real-life problems. 
4.1 Algorithm for Correlation Coefficient under NHSS 
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Step 1. Pick out the set containing sub-attributes of parameters. 


Step 2. Construct the NHSS according to experts in form of NHSNs. 


Step 3. Find the informational neutrosophic energies of NHSS. 


Step 4. Calculate the correlation between NHSSs by using the following formula 


Cunss((F.A), (G.M)) = 


m n 
> ». (orca, (6) * O¢(a,)(Oi) + Tra, (6i) * TG ca, (Oi) + Yea,) (Oi) * Veta (5i)) 


k=1 i=1 


Step 5. Calculate the CC between NHSSs by using the following formula 


“ wy Cnuss(F,A),(G,A)) 
Swuss((FA), (GA)) = VSnuss(FA)* /Snuss (GA) 


Step 6. Choose the alternative with a maximum value of CC. 


Step 7. Analyze the ranking of the alternatives. 


A flowchart of the above-presented algorithm can be seen in figure 1. 


\ 


Expert's neutrosophic 
hypersoft rating for x!) 
w.r.t sub-attributes 


Input 
Altematives.attributes 
(Sub-attributes) 


Expert's neutrosophic 
hypersoft rating for x‘? 
w.rt sub-attributes 


———————______S 


Expert's neutrosophic 
hypersoft rating for x’ 
w.r.t sub-attributes 


Expert's neutrosophic 
hypersoft rating for x!" 
wrt sub-attributes 


~ 


i 
neutrosophic energies 


Choose 
Alternative 
with maximum 
value of 
Correlation 
coefficient 


Find the CC 


Measure the correlation 
bw altemative: and 
university requirement 


Compute the 
informational 


for each alternative 


Figure 1: Flowchart for correlation coefficient under NHSS 


4.1 Problem Formulation and Application of NHSS For Decision Making 


136 


Department of the scientific discipline of some university U will have one scholarship for the 


position of post-doctorate. Several scholars apply to get a scholarship but referable probabilistic along 


with CGPA (cumulative grade points average), simply four scholars call for enrolled for 


undervaluation such as X = {X?, 82,83, 84} be a set of selected scholars call for the interview. The 


president of the university hires a committee of four decision-makers (DM) U = {6,,62, 53,64} for 


the selection post-doctoral scholar. The team of DM decides the criteria (attributes) for the selection 


of post-doctorate position such as 2 = {f, = Publications, ?, = Subjects, £3 = IF} be a collection of 


attributes and their corresponding sub-attribute are given as Publications = ?, = {a,,= 


more than 10, a,, = less than 10}, Subjects = £, = {a,, = Mathematics, aj, = Computer Science}, 
and IF= #3 = {a3; = 45,a32 = 47}. Let 2’ = £, x €, x £3 bea set of sub-attributes 


QL’ = €, x £2 * €3 = {041,042} X (g1, 422} X {431,A32} 
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= ee 21,431), (Q11, 421, M32), (Ar1, G22, 31), (A11, 422, A32), 

(42, 421,431), (A12, 421,432), (Ay2, A22, 431), (Ai2, 422, 432) 
of all multi sub-attributes. Each DM will evaluate the ratings of each alternative in the form of NHSNs 
under the considered multi sub-attributes. The developed method to find the best alternative is as 
follows. 


| Ue = {ai,, A, G3, a4, ds, de, a, dig} be a set 


4.1.1. Application of NHSS For Decision Making 

Assume & = {X1,82,83,84} be a set of alternatives who are shortlisted for interview and 2 = 
{€, = Publications, £2 = Subjects, £3 = Qualification} be a set of parameters for the selection of 
scholarship positions. Let the corresponding sub-attribute are given as Publications = ¢, = 
Subjects = #2 
Computer Science}, and IF = €3 = {a3, = 45,d32 = 47}. Let @ = €, x €, x £3 be a set of sub- 


{a,, = more than 10,a,, = lessthan10} , {a2, = Mathematics, az. = 


attributes. Development of decision matrix according to the requirement of the scientific discipline 


department in terms of NHSNs. 


Table 1. Decision Matrix of Concerning Department 


Ly 


Ly 


> 


Sy 


a ay az az a4 as a6 az ag 
Bit CD88) CS Te6y, C569) CR BD. C48 C86 BY CSACT) (C648) 
8h) CSOT)? CES CSB er “CRAY. C9 Sa). 92S OS) 
bs EBS) CLAD). CB 6) CRBS). CRO CHEB) C568) 06.38) 
by CS AT). CAZTBY COS BY CSO) C7 BS) C82): CRA) C627) 
Table 2. Decision Matrix for Alternative 8 
xO a, ti, dis di dig ti diy lig 
Bi. CSO CDSS). CEB CBG9) C596) C86). 3 as C95) 
Oy CSD Ae) Cae C7) Ce (Sey (OSS) e845) 
be “CGDay Cassy C56 CLS Ay 2365): C9) 2 ey. C68) 
Be BAT IPS COBB) CACY CTS) CSB) CaS) > CE 7) 
Table 3. Decision Matrix for Alternative x 
x ay ti, iis dig dig dig tin dig 
6, (8,.5,.6) (.5,.4,.2) (.4,.3,.6) (.4,.8,.6) (.7,.6,.5) (.4,.1,.3) — (.7,.8,.5) (.8,.4,.7) 
62 = (.6,.5,.2) (.5,.6,.5) (.9,.5,.8) (.6,.4,.5) (.7,.5,.8) (.7,.5,.7) — (.3,.5,.9) (.6,.4,.9) 
Os M252) (O46): “OSA CB) 4645) (BSS) 146. <C6.7'S) 
64  (.5,.2,.4) (7,979) (.6,.3,.4) (.9,.5,.1) (.3,.4,.6) (.6,.5,.2) — (.9,.5,.6) (.3,.4,.3) 
Table 4. Decision Matrix for Alternative X© 
OME A iy ig di, dig dig tin dig 
01 (.3,.5,.2) (.8,.7,.3) (.7,.2,.9) (.9,.5,.1) (.3,.4,.6) (.1,.5,.2) (.9,.5,.1) (.7,.4,.3) 
by (6.52) CESS) C46) (6642) 6556) C23) G76 (24) 
Se (39,7) (39,1) C732) — 024.2) 7.9.8) F.2d) CANS) 087.9) 
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64 — (.7,.8,.6) —_ (.7,.2,.5) —_7,.3,.2) (.3,.2,.7) (.4,.6,.8)  (.5,.6,.2) (.7,.2,.6) —_ (.8,.6,.9) 


Table 5. Decision Matrix for Alternative X™ 


x) ai ai, ii; ti, tis tig ai, tig 
6, (7,41) (74.3.1) (.7,.4,.6)  (.4,.9,.6) .7,.2,.5) .7,.3,.2).7,.4,.6) — (.9,.4,.3) 
56> (1,45) (6.2.3) .7,.4,.3) (6.25.5) 6.6.2.1) .5,.4,.7) 3.55.1) (.6,.2,.7) 
53 (.5,.4,.3) (6.45.7) (6.2.1) (.6,.3,.5) 64,.7,.9) —.2,.7,.4)  5,.3,.9) — (.3,.6,.2) 
5, (4,2,.6) (.7,.4,.3)  (5,.4,.9) (.4,.2,.3) 64.1.3) 4,.5,.2) (1,.6,.5)  (.1,.5,.2) 


By using Tables 1-5, compute the correlation coefficient between Syyss(Q,8) , Svuss(P,8) , 
Syuss(Q, 8), Svuss(2, 8) by using equation 5 given as follows: 

Synss (4X) = 99658, Syyss (2,82) = 99732, Syass(Q,%) = 99894, and Syuss(fo,X) = .99669. 
This shows that Sjyyuss(@,8) > Sivwuss(@,8™) > Swvuss(M 8) > Siwuss(@,8™). It can be seen 
from this ranking alternative %© is the most suitable alternative. Therefore X@) is the best alternative, the 
ranking of other alternatives given as 8) > X@ > RM > X®_ Graphical results of alternatives ratings can 


be seen in figure 2. 


Correlation Coefficient for NHSS 
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0.999 


0.9985 


0.998 
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m1) NZ) a RA(3) NN) 
Figure 2: Alternative’s rating based on correlation coefficient under NHSS 


5. Conclusion 


The neutrosophic hypersoft set is a novel concept that is an extension neutrosophic soft set. In 
this manuscript, we studied some basic concepts which were necessary to build the structure of the 
paper. We introduced the correlation and weighted correlation coefficient with some necessary 
properties under the NHSS environment. A decision-making approach has been developed based on 
the established correlation coefficient and presented an algorithm under NHSS. Finally, a numerical 
illustration has been described to solve the decision-making problem by using the proposed 
technique. In the future, anyone can extend the NHSS to interval valued NHSS, aggregation 
operators, TOPSIS technique based on developed CC. 
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